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Foreword 

This effort was part of a Congressionally mandated program, funded through various 
Program Elements, whereby the Navy was directed to adapt a software application, 
IMPRINT, developed for use in the Army, for use in Navy ship acquisitions. The 
objective of this study was to determine if it was feasible to incorporate non-cognitive 
attributes such as stress tolerance into IMPRINT for use as human performance 
moderators. 

 

 
 

David L. Alderton, Ph.D. 
Director 
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Introduction 

This report will review progress in the area of human performance modeling within 
the context of a Human Systems Integration (HSI) approach, with particular focus on 
how aspects of personality could contribute to human performance modeling. While 
personality has been demonstrated to be a modest predictor of job performance (Barrick 
& Mount, 1991; McHenry, Hough, Toquam, Hanson, & Ashworth, 1990) the relationship 
between personality and discrete task performance in varying environmental conditions 
has not been rigorously studied. This report will detail how personality constructs 
originally developed for purposes of selection and classification might be utilized to 
enhance current models of human performance and how personality constructs could be 
included in a specific Human Performance Modeling (HPM) tool, the Improved 
Performance Research Integration Tool (IMPRINT). Other areas where additional work 
could contribute to a broader, more useful HSI process for the Navy will also be 
addressed. 

Recent trends have resulted in the recognition that construction of accurate models 
of human behavior will benefit the Navy in myriad ways. As noted by Zachary, 
Campbell, Laughery, Glenn, and Cannon-Bowers (2001): 

“At the same time, both industry and the government (particularly the 
military) are facing challenges that are driving the need for human 
performance models. For example, the Department of Defense (DoD) 
is requiring that future Navy ships must be built with reduced budgets 
and operated by vastly smaller crews, and must operate effectively and 
efficiently in mission environments that are complex, difficult to 
define, and rapidly changing. Thus, the human component is, more 
than ever, the critical component to mission success.” 

The Defense Modeling and Simulation Office (DMSO) “identified the capability to 
robustly represent individual and group behaviors as a critical need” (Gery, Doyal, Brett, 
Lebiere, Biefield, & Martin, 2003). While not addressing human behavior models 
directly, the U.S. Government Accountability Office1 (GAO, 2003) recommended the 
Navy “require that ship programs use human systems integration to establish crew size 
goals and help achieve them” and “formally establish a process to examine and facilitate 
the adoption of labor saving technologies…across Navy systems.” Implementation of 
these recommendations will require prediction of performance outcomes of man-
machine systems through the use of human behavior models.  

Benefits of Adding a Personality Construct Performance Moderator 

Adding a personality construct as a performance moderator to the current battery of 
environmental stressors, training, and personnel moderators would enhance 
IMPRINT’s ability to simulate human behavior and define the complete Warfighter-
                                                 
1 Known as the Government Accounting Office prior to July 7, 2004. 
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system. The most immediate result of implementing a personality construct 
performance moderator would allow the analysis of personality influences on 
Warfighter-system performance from mission to function and to task. Additionally, 
users could identify the types of personality necessary to enhance overall mission 
effectiveness. This has the potential to directly support the personnel selection process 
throughout the acquisition cycle. Personnel domain professionals could use the model 
data to refine recruitment and retention throughout the lifecycle of the system, ensuring 
consistent mission performance. 

Human Systems Integration 

Human Systems Integration is a means to reduce overall life cycle costs through 
consideration of both the system and the human component at an early stage in the 
acquisition of new systems. As noted in Figure 1 below (GAO, 2003), a significant 
portion of system life cycle costs are determined early in system development.  

 
Figure 1. System life cycle costs. 

HSI is a methodology for ensuring that systems design and development 
incorporates the integration of human performance attributes, including cognitive, 
psychomotor, and perceptual attributes, with system attributes, including hardware and 
software, to minimize Total Ownership Cost (TOC). The primary focus of HSI is on the 
development of a system with the human as an integral component, not an afterthought. 
However, in order to have a robust HSI process it is necessary to construct robust 
models of human behavior. Models and simulations that include human behavior allow 
inexpensive exploration of concepts early in system development. These concepts can be 
analyzed and included in the system design trade-space throughout the development of 
the system. 
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Human Behavior Representation  

Human behavior representation (HBR) denotes, “...a computer-based model that 
mimics either the behavior of a single human or the collective action of a team of 
humans” (Pew & Mavor, 1998). The phrase human performance modeling is also used 
interchangeably with human behavior representation, although human performance 
modeling may also be used more globally (i.e., HBR can be a subset of HPM). More 
generally, HBR is a group of modeling techniques designed to replicate the actions or 
behavior of people. Generally these techniques instantiate the relevant behavioral model 
as software code embedded in a computer simulation that allows for analysis of 
inputs/outputs and internal processes over time. These models may focus on particular 
aspects of human behavior such as decision making or they may be linked with other 
models, such as perceptual processes, that consider more comprehensive, integrated 
aspects of human behavior. There have been few efforts that have attempted to 
instantiate aspects of personality into computer models of behavior. Some of these will 
be discussed in detail in a later section. 

Personality constructs that have been developed for selection and classification are 
customarily not used to predict discrete task performance at the granularity that most 
instantiated human performance models are able to predict. The interest for selection 
and classification has been in global measures of job performance. According to 
Campbell, McHenry, and Wise (1990), whose definition of job performance has proven 
of great value to the field of personnel psychology, job performance focuses on 
observable behavior in support of organizational goals. They define job performance as:  

 “...observable things people do (i.e., behaviors) that are relevant for 
the goals of the organization. The behaviors that constitute 
performance can be scaled in terms of the level of performance they 
represent.…There is not one outcome, one factor, or one anything that 
can be pointed to and labeled as job performance. Job performance 
really is multidimensional.” (pg. 314)  

The particular aspect of HBR that we were interested in for the Navy HSI initiative2 
was the modeling of a component of job performance, namely task performance. And we 
were particularly interested in task performance as characterized by two performance 
outcomes, task-time-to-complete and task accuracy. IMPRINT provides data both on 
task-time-to-complete and on task accuracy. IMPRINT stressor algorithms currently 
built into the tool impact performance outcomes based on these measures.  Task 
performance continues to more clearly define the construct of job performance from a 
behavioral perspective. Task performance and contextual or organizational citizenship 
behaviors form two focal domains.  

                                                 
2 The Navy HSI initiative was originally entitled Systems Engineering Acquisition and Personnel 
Integration, or SEAPRINT, but was later renamed for clarity.  
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Task Performance 

Task performance can be categorized into two types.  The first type “...consists of 
activities that transform raw materials into the goods and services that are the 
organization’s products”.  The second type “...consists of activities that service and 
maintain the technical core...” (Motowidlo, Borman, & Schmit, 1997, pg 75). The vast 
majority of HBR efforts within the HSI context are investigations of differential 
performance outcomes involving task performance of the first type.  The interest is in 
whether or not job tasks can be clearly expressed and ordered so that predictions can be 
made about the ability of a proposed man-machine configuration to meet desired 
operational performance requirements. Task models used in these predictive efforts 
generally ignore the context within which the tasks are actually performed.  Generally, 
the assumption is that the human component performs the necessary tasks much as an 
automaton, not requiring breaks or feeling task overload stress and the focus is on task 
performance. 

Performance Moderators 

Performance moderators are variables that impact performance behavior. These 
moderators can be important contributors to human performance models for various 
reasons. For our consideration, the most important reason is that these moderators can 
change performance outcomes. Pew and Mavor (1998) distinguish between moderators 
as being external or internal. 

External Moderators 

External moderators are external to the individual. They are generally some type of 
physical stressor and include heat, noise, vibration, and physical workload. Many of 
these stressors have empirical studies linking stressor levels with clear performance 
degradation. IMPRINT incorporates various algorithms that allow modelers to account 
for the impact of physical stressors on task performance, leading to differential mission 
performance outcomes (Mitchell, 2000). 

Internal Moderators 

Internal moderators are internal to the individual. Internal moderators include 
intelligence, level of expertise, emotions, and personality. In IMPRINT differential 
performance outcomes can be produced by manipulating personnel characteristics as 
represented by scores from the Armed Services Vocational Aptitude Battery (ASVAB). 
Attempts to model these internal moderators have only recently appeared.  
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Personality  

The study of personality has long recognized the multidimensionality of human 
behavior. For example, considerable recent work has centered on the Five Factor Model 
(FFM) (Barrick, Mount, & Judge, 2001) as an organizing taxonomy for personality. The 
FFM consists of five dimensions: extraversion, agreeableness, emotional stability, 
conscientiousness, and openness to experience. Conscientiousness and emotional 
stability have demonstrated positive correlations with performance across a wide variety 
of jobs (Barrick & Mount, 1991; McHenry, Hough, Toquam, Hanson, & Ashworth, 1990). 
However, in general, job performance is operationalized as a global outcome rather than 
as discrete task performance. 

As noted, there is evidence that personality impacts work performance; how will HSI 
account for it in models and tools? Numerous obstacles to incorporating aspects of 
personality into models of human behavior exist. Primarily, most models of personality 
are not instantiated in computer models. There is little research linking the specificity of 
task performance with explicit personality measures needed to improve human 
performance models. For example, how does the personality trait of stress tolerance 
impact performance outcomes of personnel involved in visual recognition tasks? The 
personnel domain, increasingly engaged with personality constructs, is an excellent 
place to look for answers. 

The Navy Computer Adaptive Personality Scales (NCAPS) (Houston, J. S., & Borman, 
W. C. (2005), Houston, J. S., Schneider, R. J., Ferstl, K. L., Borman, W. C., Hedge, J. W., 
Farmer, W. L., & Bearden, R. M. (2003)) is a recently developed personality 
measurement instrument that is part of the larger Navy Whole Person Assessment 
(WPA) research effort. It is a prime starting point for the personality construct used in 
this effort. NCAPS is an innovative instrument developed to assess personal attributes 
for classifying or screening individuals into U.S. Navy occupations. The ASVAB, a 
collection of verbal, mathematical, and technical tests, serves as the primary selection 
and classification instrument for all Navy enlisted jobs and is a substantial predictor of 
training outcomes. However, many studies have found that considering non-cognitive 
factors (e.g., personality and interests) enhances the ability to predict successful 
continuation and performance across both civilian and military jobs. For example, 
adding measures of conscientiousness and emotional stability to cognitive measures 
such as the ASVAB can explain an additional 18–38% of the variance in job performance 
(Ferstl, K. L., Schneider, R. J., Hedge, J. W., Houston, J. S., Borman, W. C., & Farmer, 
W. L. (2003).  

Stress tolerance is the personality construct that was selected from the NCAPS 
battery to explore for appropriate inclusion with IMPRINT. The construct of stress 
tolerance was selected because it has been shown to impact task performance and it is 
currently feasible to model the impact of physical stressors in IMPRINT as they apply to 
tasks of certain types. The operational end points of stress tolerance are defined as: 

• High Scorers—Maintain composure and retain ability to think clearly and take 
effective action when confronted with stressful situations; can readily put aside 
worries and feelings of guilt; can accept criticism without becoming upset. 
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• Low Scorers—Become indecisive or make poor decisions in times of stress due 
to loss of composure; prone to feelings of worry, guilt, and vulnerability; are 
easily upset; tend to ruminate about troubling events and perceived failures; do 
not take criticism well. 

Computer Simulations of Personality 

There have been a few recent efforts to include personality in computer simulations 
of human performance. McKenzie, Petty, and Catanzaro (2003) constructed a 
simulation that uses a trait-based model of personality to influence the decision 
outcomes of a military commander. The simulation included anxiety, anger, and 
independence. Oren and Ghasem-Aghaee (2003) used the FFM as the framework for 
using fuzzy logic to process personality variables but did not instantiate the proposed 
system into a computer simulation. Aykroyd, Bachman, Harper, and Hudlicka (2005), 
building on previous work done with the Methodology for Analysis and Modeling of 
Individual Differences (MAMID) architecture used an indirect approach to modeling 
personality traits. They argued that traits impact behavior influencing such cognitive 
attributes as attention and working memory, leading to defining a cognitive architecture 
before modeling such individual differences as personality. Zachary, LeMentec, Miller, 
Read, and Thomas-Meyers (2005) describes the Personality-based Architecture for 
Cognition (PAC), arguing that personality traits and cultural characteristics are not 
optional aspects of human behavior but are part of the foundation of human behavior. 
PAC uses personality traits as part of the foundation for the cognitive process. Using 
research results from neuroscience and research from personality trait investigation, 
PAC is conceptualized as a 3-level representation. Later we will explain how some of this 
work may be expanded upon to roll personality into IMPRINT models via external 
connections. 

Improved Performance Research Integration Tool  

Why IMPRINT?  

Although there are many human performance analysis software tools currently 
available, we chose IMPRINT to present the framework for modeling the effect of 
personality on human performance due to a congressional mandate contained in the 
National Defense Authorization Acts of 2003 and 2004, specifying the use of IMPRINT 
in the Navy’s HSI program. In 2003, following the lead of the Army’s Manpower and 
Personnel Integration (MANPRINT) program, the Navy initiated the HSI program to 
define a human-centered design policy for materiel acquisition. HSI formally requires 
the implementation of the DoD’s HSI policy for Navy materiel acquisition, ensuring the 
systems engineering process includes the Sailor as an integral component during design. 
We also chose IMPRINT because much of the framework and many of the hooks that 
will eventually be required to add personality traits into human behavioral 
representations are already in place within IMPRINT. For example, IMPRINT already 
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has descriptors of tasks that allow the matching of relevant research to performance 
degradations in terms of task types. Further, algorithms already exist within IMPRINT 
for performance moderators broken into Personnel, Training and Stressors (PTS), and 
the addition of personality constructs would be a logical enhancement to the “P” part of 
that equation.  

History of IMPRINT 

In the 1970s the U.S. Air Force, Navy, and Army recognized the need to estimate 
manpower, personnel, and training (MPT) requirements early in the system acquisition 
process. The U.S. Navy took the lead by developing the HARDMAN Comparability 
Methodology (HCM) to analyze the trade space between hardware and manpower. 
Subsequently, the U.S. Army then adapted HCM, renamed HARDMAN I to include a 
broader range of weapon systems. A subsequent evolution by the U.S. Army automated 
the process and was called HARDMAN II. In the mid to late 1980s HARDMAN II 
evolved, linking MPT to Warfighter-system performance through a set of innovative 
software analysis modules (Kaplan, 1988). The addition of the software modules 
warranted a new title, HARDMAN III. In the 1990s, the U.S. Army ported HARDMAN 
III to the Microsoft Windows platform and renamed the system to the Improved 
Performance Research Integration Tool (IMPRINT). Since becoming IMPRINT the title 
has essentially remained the same with only the version number changing as 
functionality has been improved and features added. Figure 2 shows the history behind 
the development of IMPRINT.  

Navy HARDMAN Navy HARDMAN 
(Hardware vs. Manpower)

IMPRINT & WinCrewIMPRINT & WinCrew

IMPRINT 6IMPRINT 6

1990

2000

IMPRINT 7IMPRINT 7

IMPRINT ProIMPRINT Pro

1980

1970 Concept PaperConcept Paper
~ Air Force ~~ Air Force ~

MPT data providedMPT data provided
-- Paper & pencil Paper & pencil --

Automated processAutomated process
-- MiniMini--computer computer --

MPT link to performanceMPT link to performance
-- PC PC --

Integrated analysis environmentIntegrated analysis environment
-- Windows Windows --

Goal Oriented Behaviors & HLA Goal Oriented Behaviors & HLA 
ComplianceCompliance

New output reports & 32 bit applicationNew output reports & 32 bit application

TriTri--Service analysis capabilities, New Service analysis capabilities, New 
interface & improved pluginterface & improved plug--in and links to in and links to 

other simulationsother simulations

Army HARDMAN IIArmy HARDMAN II

Army HARDMAN IIIArmy HARDMAN III

2006

 
Figure 2. The evolution of IMPRINT. 

7 



IMPRINT 

IMPRINT is a dynamic, stochastic, discrete event network modeling tool specifically 
designed for representing and analyzing Warfighter-system performance. To analyze 
Warfighter-system performance, the user must represent how the total system, whether 
hardware, software, or system, will be used to accomplish missions through the 
decomposition of system missions into discrete tasks. Tasks contain precise information 
about the mission such as mean time to complete, mean accuracy when performing, 
assigned operator (or hardware/software), and required mental workload (if performed 
by a human). Given that a Warfighter-system can be adequately represented through a 
decomposition of the system mission into discrete tasks, a user can employ IMPRINT to 
answer a multitude of questions concerning the Warfighter-system. The questions listed 
below present some of the questions an IMPRINT user can answer: 

• How much mental workload must an operator expend to perform a task? 

• What is the amount of mental workload an operator will expend throughout the 
mission? 

• Are any operators mentally overloaded? 

• Did the actual mission time, as predicted by running a simulation, meet the 
required mission time? 

• Can the mission be performed safely with one less operator? 

IMPRINT Performance Moderators 

In addition to basic task network simulation, IMPRINT is able to predict Warfighter-
system performance under diverse conditions through the use of its performance 
moderators’ module that consists of personnel, training, and environmental stressor 
moderators. With this feature, an analyst can understand the constraints imposed on 
the system when operating in adverse conditions. For example, the environmental 
component will moderate the Warfighter performance to account for extreme operating 
conditions. Currently, IMPRINT has five environmental stressors: heat, cold, noise, 
hours since waking (a cumulative fatigue stressor), and protective clothing (Mission-
Oriented Protective Posture or MOPP gear). Generally, the application of a stressor will 
in some manner reduce task accuracy and/or increase the time to complete a task.  

Similar to the environmental stressors, IMPRINT includes the performance 
moderators, personnel characteristics and training frequency. The personnel 
characteristics moderator uses Warfighter aptitude to modify performance. Warfighters 
with higher aptitude will execute tasks with increased accuracy and in shorter time 
periods, while Warfighters with lower aptitudes may perform with lower accuracy or 
require more time to perform the tasks. The training frequency moderator adjusts 
performance straightforwardly, improving task performance with higher training 
frequencies and degrading performance when training frequency is lowered. 
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An important clarification is that an applied stressor, whether environmental, 
personnel, or training, does not necessarily affect all the tasks of a model. Some tasks 
remain unaffected regardless of stressor application. Additionally, stressors do not 
uniformly adjust time or accuracy for the tasks they do affect in a model (Allender, 
2000). Consider the example of a typist transcribing a report who occasionally needs to 
converse in a room with a loud window air conditioner. The typing task will generally be 
unaffected whereas the conversing task will be severely affected by the noisy air 
conditioner. 

To accommodate these nuances, IMPRINT uses a categorical weighting scheme to 
describe the required work for performing a task (Fleishman & Quaintance, 1984). 
While Fleishman identified 53 categories, IMPRINT has winnowed this down to 9 
categories, referred to as “taxa” to describe a task (see Figure 3). The nine taxa each 
belong to one of four general descriptor categories: Perceptual, Cognitive, Motor, and 
Communication. One caveat of the taxon interface imposed on the user is that a 
maximum of three taxa may be assigned to a task. This three taxa limit originated due to 
the technical limitations of a third-party database used in earlier versions of the 
software. No change has been made to increase the three taxa maximum in subsequent 
releases of IMPRINT because from a practical perspective no significant difference in 
performance would be realized as a result of applying a fourth stressor.  

 
Figure 3. IMPRINT's nine taxa. 
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Using the taxon interface to describe the required work of a task allows the stressor 
algorithms to affect the appropriate tasks in the simulation. In the example of the typist 
discussed previously, the taxon “Motor: Fine Motor—Discrete” describes the typing task 
and the taxon “Communication: Oral” describes the conversing task. When the user 
applies the noise stressor, the conversing task’s performance degrades whereas the 
typing task remains unchanged. If, on the other hand, the user applies the cold stressor 
instead of noise, the typing task’s performance degrades and the conversing task’s 
performance remains unchanged.  Table 1 reveals how the five environmental stressors 
currently affect task performance through taxon assignment.  

Table 1 
Environmental stressor effects on taxa 

Taxon MOPP Heat Cold Noise 
Sleepless 

Hours 
Visual T A T   
Numerical  A   T, A 
Cognitive  A   T, A 
Fine Motor Discrete T A T   
Fine Motor Continuous      
Gross Motor Light T  T   
Gross Motor Heavy      
Commo. (Read & Write)  A    
Commo. (Oral) T A A   
Where T = affects task time; A = affects task accuracy. 

New Performance Moderator Implementation Methods in IMPRINT  

There are four basic options currently available for implementing new performance 
moderators into IMPRINT. Each of them will be explained below, and a discussion of 
potential “fits” for adding a personality construct moderator, such as stress tolerance, 
will be discussed in more detail in the section that follows. 

The first option for implementing a new performance moderator into IMPRINT is to 
add one to the existing PTS interfaces with underlying algorithms that impact task 
performance, in terms of time and accuracy, based on task types as defined by taxon 
weights. For this implementation option, data must be available or obtained through 
rigorous studies on task performance under varied conditions for the performance 
moderator chosen. This option requires changes to IMPRINT source code, and therefore 
also supplies other IMPRINT users with the new functionality. 

The second implementation option would be to add a “custom stressor” into a 
specific IMPRINT mission model or collection of mission models called an analysis. This 
custom stressor would be hooked to task taxon weights similar to the built-in 
moderators; however, the user will control how tasks are changed based on these 
weights by supplying their own algorithms which may apply only to a limited study. This 
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implementation option does not require any change to IMPRINT source code; and is, 
therefore, also not reusable by other members of the IMPRINT user community without 
having to recreate it separately. 

A third implementation option is to use IMPRINT user code, such as variables and 
expressions in release conditions, beginning and ending effects, and path logic, to 
change the way specific mission models are performed based on “moderator variables” 
or conditions set by variables representing the moderators that a skilled modeler wants 
to represent. This implementation method also does not require any change to 
IMPRINT source code, although it is even less transferable to other users because it will 
likely be very specific to the systems and missions being studied by the modeler. 

A final option for implementing performance moderator effects is to build calls into a 
model, and necessary software code around a model, to allow it to ask external 
representations of higher fidelity “thinkers” for behavior. In this option, the modeler 
must also have a representation of the moderators to be used in their own variables (as 
in the third option); however, if the software around the model (or around IMPRINT, in 
something called a “plug-in”) is built correctly, there may be some transferability and 
reusability to this solution. 

Personality Construct Performance Moderator Design 

As we studied the data and literature currently available on personality constructs 
such as those included in NCAPS, and then focused more closely on the construct of 
stress tolerance, it became apparent that currently available data did not support the 
inclusion of a new personality-based performance moderator into IMPRINT per the first 
option listed in the previous section. However, through research and various discussions, 
we were able to develop potential approaches for future performance moderator design, 
should empirical data to support the moderators become available. 

Empirically, it would seem to make sense that tasks that are largely cognitive in 
nature (in terms of IMPRINT taxa) would be more prone to be impacted by stress 
tolerance. However, just because a task is largely cognitive, that does not necessarily 
indicate that the task is mentally taxing. In fact, mental workload as represented by 
IMPRINT includes the mental capacity required to handle other tasks types as well as 
“cognitive” tasks, including visual tasks, motor tasks, auditory tasks, and speech tasks. 
In addition to the ability to represent tasks in terms of the taxa described above, 
IMPRINT also allows a user to assign levels of mental workload for each task in different 
mental workload channels. Further, as a model executes, total mental workload over 
time is calculated, including workload encountered when multiple tasks are being 
performed concurrently. 

We see a potential opportunity to utilize this total mental workload encountered, 
potentially in combination with other user defined variables related to stress tolerance, 
to model both perceived levels of stress and the impacts of those levels on operators with 
different levels of stress tolerance. For example, if an operator has a high current overall 
workload score, and also is performing a task that has been tagged as “urgent” or 
“sensitive” or “stressful,” that operator may be more likely to make an error (which 
could be represented either via a change in task accuracy or some other variable that 
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creates a “recovery path” in the model) or have degraded task performance. This 
solution will largely be based on the third generic option listed above. However, if data 
to support links between stress tolerance, mental workload, and task performance can 
be found, some of the individual algorithms built into test mission models may be 
transferable to other modelers and added to IMPRINT.  

Finally, another future implementation option or design would be to add personality 
models, possibly per some of those discussed earlier in this paper, to higher fidelity 
thinking models such as Recognition Primed Decision-making (RPD) or ACT-R. 
IMPRINT has already been successfully connected with these higher fidelity thinking 
models, therefore adding the personality models to them would allow their inclusion in 
IMPRINT simulations should similar linkage occur. 

Future Personality Construct Performance Moderator Development 

While personality has been demonstrated to be a good predictor of job performance, 
the relationship between personality and discrete task performance in varying 
environmental conditions has not been rigorously studied. Nor has the relationship 
between personality traits, work outcome, and the interplay of personality traits 
between team members been rigorously studied. The proposed work outlined here will 
address the dearth of research and may provide valuable information for HSI 
developments. This work consists of three phases, outlined below. 

Phase 1: Literature Review and Feasibility Study 

A comprehensive review of the literature reporting the relationships between 
personality measures and individual work outcome, and personality measures and team 
performance will be conducted. An analysis of the research to date summarizing past 
research, emphasizing discrete task performance for individuals and teams, and a 
detailed plan for phase 2 will be developed.  

Phase 2: Proof-of-Concept Study 

The performance measures of three high fidelity simulators measuring individual 
and team performance and approved by the HSI team will be utilized as the criterion 
measures to determine the relationship between individual and team task performance 
and relevant personality traits mesasured by NCAPS. Criteria will be established for 
simulator selection which will include but not be limited to (1) high fidelity 
measurements of performance (reaction time, error rate…), (2) realistic representation 
of a variety of environmental conditions, and (3) measurement of team performance. 
The results will quantify the relationship between personality levels and discrete task 
performance for individuals and teams. The relationships between personality trait 
levels required by members of the teams will also be provided. It is possible that trait 
level tradeoffs can exist between team members (i.e., one team member with a 
particular level of a trait can compensate for another team member with a low level of a 
particular trait) and team performance can remain optimal.  
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Phase 3: Live Operations Study 

As part of a live operations study, the measured work performance of individuals 
and/or teams in at least 3 different work environments will be utilized as the criterion 
measures to determine the relationship between individual and team task performance 
and the NCAPS traits. Trait levels, work outcome, and tradeoffs will be examined and 
recommendations for including personality into the HSI process will be provided.  

Other Future Directions 

In addition to potential future work related to WPA personality constructs such as 
stress tolerance to enhance personnel performance moderators in IMPRINT, the 
authors also identified other potential enhancements that could be made in IMPRINT 
applicable to the Navy’s personnel and manpower domains. These ideas are briefly 
summarized below. 

Inventory Management Projections 

IMPRINT currently has Army specific personnel data libraries (based on Army 
Military Occupational Specialty, or MOS, categories) with which it was developed and a 
primitive projection capability for looking at future personnel inventories. Any Navy 
IMPRINT-like HPM tool must be linked to a more sophisticated inventory management 
tool that includes the ability to model various constraints on force levels. For example, 
the Navy’s Skilled Personnel Projection for Enlisted Retention (SKIPPER, also known as 
Enlisted Strategic Analysis Model [ESAM]) tool allows users to project personnel 
inventory levels by skill by length of service (LOS) and perform various what-if scenarios 
modeling the impact of varying selective reenlistment bonuses, “A” School constraints, 
and other policy impacts. The costs of these scenarios could then be modeled and 
analyzed as noted previously.  

Cost Range of Different Configurations 

For a human performance modeling tool to be of maximum utility for HSI within the 
Navy’s acquisition process it needs to be closely coupled to a cost model. Information 
about system performance is valuable; but costing different configurations adds 
incredible utility and breadth to the model and to the acquisition process. Adding cost 
modeling could be done modularly so that the model would take input either directly 
from the HPM tool or from an inventory management tool that projects over some part 
of the system’s lifecycle. 
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Research Platform 

The Navy should investigate the feasibility of developing an HBR research platform 
that could be used for advancing the “state of the art” in HBR. This could be done 
through a consortium of universities and private organizations in cooperation with the 
Navy’s HSI office. Many of the applications from this work would contribute to the 
Navy’s training communities through the development of more realistic HBR models, 
including the development of realistic opponent models used in training simulations. 

HBR Tools Do Not Specifically Address Team Issues  

Current tools used to model human behavior focus on individual behavior. Tools 
such as IMPRINT, when used by an experienced analyst, can show performance 
conflicts/bottlenecks that develop in team situations but the tools have been developed 
with an individual focus. Research into how team performance concepts can be better 
integrated into existing and future tools and needs to be performed. 

14 



References 

Aykroyd, P., Bachman, J., Harper, K.A., & Hudlicka, E. (2005) Modeling Individual 
Differences and Stressors Using the SAMPLE Cognitive Architecture. 14th 
Conference on Behavior Representations in Modeling and Simulation. Universal City, 
CA. 

Allender, L. (2000). Modeling human performance: Impacting system design, 
performance, and cost. In M. Chinni (Ed.), Proceedings of the Military, Government 
and Aerospace Simulation Symposium, 2000 Advanced Simulation Technologies 
Conference (pp. 139–144). Washington, DC. 

Barrick, M. R. & Mount, M. K. (1991). The Big Five personality dimensions and job 
performance: A meta-analysis. Personnel Psychology, 44, 1–26. 

Barrick, M. R., Mount, M. K., & Judge, T. A. (2001). Personality and performance at the 
beginning of the new millennium: What do we know and where do we go next? 
International Journal of Selection and Assessment, 9(1), 9–30. 

Campbell, J. P., McHenry, J. J., & Wise, L. L. (1990). Modeling job performance in a 
population of jobs. Personnel Psychology, 43, 313–333. 

Fleishman, E. A., & Quaintance, M. K. (1984). Taxonomies of Human Performance: The 
Description of Human Tasks. Orlando, FL: Academic Press. 

Ferstl, K. L., Schneider, R. J., Hedge, J. W., Houston, J. S., Borman, W. C., & Farmer, W. 
L. (2003). Following the Roadmap: Evaluating Potential Predictors for Navy 
Selection and Classification (Technical Report No. 421). Minneapolis, MN: Personnel 
Decisions Research Institutes, Inc. 

Gery, K. A., Doyal, J. A., Brett, B. E., Lebiere, C., Biefeld, E., & Martin, E. A. (2003). 
HPMI: Integrating systems engineering and human performance models. 
Proceedings of the Twelfth International Symposium on Aviation Psychology, 421-
426, Wright State University, Dayton OH. Clearance number ASC: 03-0578. 

General Accounting Office. (2003). Navy Actions Needed to Optimize Ship Crew Size 
and Reduce Total Ownership Costs (GAO-03-520). 

Houston, J. S., & Borman, W. C. (2005). Development of the Enlisted Computer 
Adaptive Personality Scales (ENCAPS), Renamed Navy Computer Adaptive 
Personality Scales (NCAPS). (Technical report #503). Minneapolis: Personnel 
Decisions Research Institutes, Inc. 

Houston, J. S., Schneider, R. J., Ferstl, K. L., Borman, W. C., Hedge, J. W., Farmer, W. 
L., & Bearden, R. M. (2003). ENCAPS: Development of the Enlisted Computer 
Adaptive Personality Scales for the United States Navy. (Institute Report #449). 
Minneapolis: Personnel Decisions Research Institutes, Inc. 

Kaplan, J. K. (1988). MANPRINT methods: Development of HARDMAN III. 
Proceedings of the Army Operations Research Society. 

15 



McHenry J. J., Hough, L. M., Toquam, J. L., Hanson, M. A., & Ashworth, S. (1990). 
Project A validity results: The relationship between predictor and criterion domains. 
Personnel Psychology, 43, 335—354. 

McKenzie, F. D., Petty, M. D., & Catanzaro, J. (2003). An experimental application of a 
trait-based personality model to the simulation of military decision-making. 
Information and Security. 12(1), 75-92. 

Mitchell, D. K. (2000). Mental Workload and ARL Workload Modeling Tools (ARL-TN-
161). Aberdeen Proving Ground, MD: Army Research Laboratory Human Research & 
Engineering Directorate. 

Motowidlo, S. J., Borman, W. C., & Schmit, M. J. (1997). A theory of individual 
difference in task and contextual performance. Human Performance, 10, 71–83.  

Oren, T.I., & Ghasem-Aghaee, N. (2003). Personality representation processable in 
fuzzy logic for human behavior simulation. SCSC 2003, Montreal, Canada. 

Pew, R. W., & Mavor, A. S. (Eds.). (1998). Modelling Human and Organizational 
Behavior: Application to Military Simulations. National Academy Press.  

Zachary, W., Campbell, G. E., Laughery, K. R., Glenn, F., & Cannon-Bowers, J. A. (2001). 
The application of human modeling technology to the design, evaluation and 
operation of complex systems. In E. Salas (Ed.), Advances in Human Performance 
and Cognitive Engineering Research (pp. 199–247). JAI Press, Greenwich, Conn. 

Zachary, W., LeMentec, J. C., Miller, L. C., Read, S. J., & Thomas-Meyers, G. (2005). 
Steps toward a Personality-based Architecture for Cognition. Retrieved August 9, 
2008, from http://www-rcf.usc.edu/~read/Published%20papers/05-BRIMS-
070.doc  

16 

http://www-rcf.usc.edu/%7Eread/Published%20papers/05-BRIMS-070.doc
http://www-rcf.usc.edu/%7Eread/Published%20papers/05-BRIMS-070.doc
http://www-rcf.usc.edu/%7Eread/Published%20papers/05-BRIMS-070.doc


Bibliography 

Aigner, P. & McCarragher, B. (1996). Human integration into control systems: discrete 
event theory and experiments. Proceedings of the 2nd World Automation Congress. 
Montpellier, Vermont. 

Allendar, L., Salvi, L., & Promisel D. (2006). Improved Performance Research 
Integration Tool (IMPRINT) User’s Guide, Version 7. Appendix A – Technical 
Description of Stressor Implementation. Aberdeen Proving Ground, MD: US Army 
Research Laboratory: Human Research and Engineering Directorate. 

Allender, L., Kelley, T. D., Salvi, L., Lockett, J., Headley, D. B., Promisel, D., Mitchell, D., 
Richer, C., & Feng, T. (1995). Verification, validation, and accreditation of a soldier-
system modeling tool. Proceedings of the Human Factors and Ergonomics Society 
29th Annual Meeting, San Diego, pp. 1219–1223. 

Ashton, M. C., Jackson, D. N., Paunonen, S. V., Helmes, E., & Rothstein, M. G. (1995). 
The criterion validity of broad factor scales versus specific facet scales. Journal of 
Research in Personality, 29, 432–442. 

Barrick, M. R. & Mount, M. K. (1991). The Big Five personality dimensions and job 
performance: A meta-analysis. Personnel Psychology, 44, 1-26. 

Barrick, M. R., Mount, M. K., & Judge, T. A. (2001). Personality and performance at the 
beginning of the new millennium: What do we know and where do we go next? 
International Journal of Selection and Assessment, 9(1), 9-30. 

Bartick, M. R., Stewart, G. L., & Piotrowski, M. (2002). Personality and job performance: 
test of the mediating effects of motivation among sales representatives. Journal of 
Applied Psychology, 87(1), 43–51. 

Beaty, J. C., Cleveland, J. N., & Murphy, K. R. (2001). The relation between personality 
and contextual performance in "strong" versus "weak" situations. Human 
Performance, 14(2), Pages 125-148 

Borman, W. C., & Motowidlo, S. J., (1997). task performance and contextual 
performance: the meaning for personnel selection research. Human Performance, 
10(2), 99-109. 

Borman, W. C., Penner, A., Allen, T. D., & Motowidlo, S. (2001). Personality predictors 
of citizenship performance. International Journal of Selection and Assessment. 9, 
52-69. 

Borman, W.C., Hedge, J.W., Ferstl, K.L., & Kaufman, J.D. (2002). A Roadmap for the 
Future of Navy Selection/Classification (Institute Report #413). Minneapolis: 
Personnel Decisions Research Institutes, Inc. 

Campbell, G., & Laughery, R. (1999) Modeling Human Performance on the Road to 
Manpower Optimization, Retrieved on 07/01/06, 
http://www.manningaffordability.com/s&tweb/PUBS/CSERIAC_Gateway_Article/C
SERIAC_Gateway_Article.PDF 

17 

http://www.manningaffordability.com/s&tweb/PUBS/CSERIAC_Gateway_Article/CSERIAC_Gateway_Article.PDF
http://www.manningaffordability.com/s&tweb/PUBS/CSERIAC_Gateway_Article/CSERIAC_Gateway_Article.PDF


Dahn, D., Laughery, K. R., Jr. (1997). The integrated performance modeling 
environment - Simulating human-system performance. In Proceedings of the Winter 
Simulation Conference 1997. Atlanta, Georgia. 

Daily, L. Z., Lovett, M. C., & Reder, L. M. (2001). Modeling individual differences in 
working memory performance: A source activation account in ACT-R. Cognitive 
Science 25, 315-353. 

Digman, J. M. (1996). The curious history of the five-factor model. In J. S. Wiggins (Ed.), 
The Five-Factor Model of Personality (pp. 1–20). New York: The Guilford Press. 

Flournoy, R. D., (2002) Leveraging Human Behavior Modeling Technologies to 
Strengthen Simulation-Based C2 System Acquisition. Retrieved on 7/08/06, from 
http://www.mitre.org/work/tech_papers/tech_papers_02/flournoy_leveraging/flou
rnoy_leveraging.pdf 

Foyle, D. C., Hooey, B. L., Byrne, M. D., Corker, K. M., Deutsch, S., Lebiere, C., Leiden, 
K. & Wickens, C. D. (2005). Human performance models of pilot behavoir. In 
Proceedings of the Human Factors and Ergonomics Society 49th Annual Meeting, 
1109–1113. Santa Monica. 

Furnham, A. (2001). Personality and Individual Differences in the Workplace: Person-
Organization-Outcome Fit. In B. Roberts & R. T. Hogan (Eds.), Personality 
Psychology in the Workplace (pp.223-251), Washington DC: American Psychological 
Association. 

Ghasem-Aghaee, N. & Oren, T. I. (2003) Towards Fuzzy Agents with Dynamic 
Personality for Human Behavior Simulation. Retrieved on 6/03/06, from 
http://www.scs.org/getDoc.cfm?id=2281. 

Giordano, J. C., Reynolds, P. F., Jr., & Brogan, D. C. (2004). Exploring the constraints of 
human behavior representation. In R .G. Ingalls, M. D. Rossetti, J. S. Smith, & B. A. 
Peters (Eds.), Proceedings of the 2004 Winter Simulation Conference (pp. 912-920), 
Washington, D.C.  

Glenn, F., Neville, K., Stokes, J., & Ryder, J. (2004). Validation and calibration of 
human performance models to support simulation-based acquisition. In R .G. Ingalls, 
M. D. Rossetti, J. S. Smith, and B. A. Peters (Eds.), Proceedings of the 2004 Winter 
Simulation Conference. Washington, D.C. 

Gluck, K. A., & Pew, R. W. (Eds.) (2005). Modeling Human Behavior with Integrated 
Cognitive Architectures. London: Lawrence Erlbaum, Associates. 

Gonzalez, C. (2005). Task workload and cognitive abilities in dynamic decision making. 
Human Factors, 47(1), pp. 92-101. 

Hammond, K. R. (2000). Judgments under Stress. New York: Oxford University Press. 

Harmon, S. Y., Hoffman, C. W. D., Gonzalez, A. J., Knauf, R., & Barr, V. B. (2002). 
Validation of human behavior representations. Retrieved on 04/14/06, from 
https://www.dmso.mil/public/library/projects/vva/found_02/sess_papers/b3_har
mon.pdf#search='validation%20human%20behavior%20representation' 

18 

http://www.sigmod.org/dblp/db/indices/a-tree/l/Laughery_Jr=:K=_Ronald.html
http://www.sigmod.org/dblp/db/conf/wsc/wsc1997.html#DahnL97
http://www.sigmod.org/dblp/db/conf/wsc/wsc1997.html#DahnL97
http://www.scs.org/getDoc.cfm?id=2281
https://www.dmso.mil/public/library/projects/vva/found_02/sess_papers/b3_harmon.pdf#search='validation%20human%20behavior%20representation
https://www.dmso.mil/public/library/projects/vva/found_02/sess_papers/b3_harmon.pdf#search='validation%20human%20behavior%20representation


Hogan, J., & Lesser, M. (1996). Selection of Personnel for Hazardous Performance. In 
Driskell, J. E., & Salas, E. (Eds.), Stress and Human Performance. London: Lawrence 
Erlbaum, Associates. 

Hudlicka, E. & Zacharias, G. L. (2004). Approaches for modeling individuals within 
organizational simulations. In Proceedings of Winter Simulation Conference 2004, 
(pp. 903–911). Washington, D.C.. 

Isaac, A., Shorrock, S. T., Kennedy, R., Kirwan, B., Andersen, H., & Bove, T. (2002). 
Short report on human performance models and taxonomies of human error in 
ATM (HERA) (HRS/HSP-002-REP-02). Retrieved on , 
http://www.eurocontrol.int/humanfactors/gallery/content/public/docs/DELIVERA
BLES/HF27%20(HRS-HSP-002-REP-02)%20Released.pdf 

Jenkins, M., & Griffith, R. (2002). Using personality constructs to predict performance: 
narrow or broad bandwidth. Journal of Business and Psychology, Vol. 19, No. 2, 255-
269. 

John, B. E., Prevas, K., Salvucci, D. D., & Koedinger, K. (2004). Predictive human 
performance modeling made easy. In Human Factors in Computing Systems: CHI 
2004 Conference Proceedings (pp. 455-462). New York: ACM Press. 

John, O. P. & Srivastava, S. (1999). The big five trait taxonomy: History, measurement, 
and theoretical perspectives. In L. A. Pervin & O. P. John (Eds.), Handbook of 
Personality (4th ed., pp. 102–138). New York: The Guilford Press 

Johnson, M.V.R., McKeon, M.F., & Szanto, T.R. (1998). Simulation Based Acqusition: A 
New Approach. Fort Belvoir: VA. Defense Systems Management College Press. 

Jones, G., & Ritter, F. E. (2000). Over-estimating cognition time: The benefits of using a 
task simulation. In Simulating Human Agents, American Association for Artificial 
Intelligence Fall 2000 Symposium Series (pp. 67–74). Menlo Park, CA: AAAI Press. 

Keller, J. (2002). Human performance modeling for discrete-event simulation: human 
performance modeling for discrete-event simulation: workload. In Proceedings of the 
Winter Simulation Conference 2002 (pp. 157–162), San Diego, CA. 

Laughery, K. R., Jr. (1998). Computer simulation as tool for studying human-centered 
systems. In Proceedings of 1998 Winter Simulation Conference, December 13–16. 
Washington, D.C. 

Leiden, K., Laughery, K. R., Keller, J., French, J., Warwick, W., & Wood, S. D. (2001). A 
Review of Human Performance Models for the Prediction of Human Error. 
Retrieved on 05/02/06, from http://human-
factors.arc.nasa.gov/ihi/hcsl/HPM_pubs/HumanErrorModels.pdf. 

LePine, J. A., Erez, A., & Johnson. D. E. (2002). The nature and dimensionality of 
organizational citizenship behavior: A critical review and meta-analysis. Journal of 
Applied Psychology, 87(1), 52-65. 

Matthews, D. (2004) The New Joint Capabilities Integration Development System 
(JCIDS) and Its Potential Impacts upon Defense Program Managers (NPS-PM-04-
017). Monterey, CA: Naval Postgraduate School. 

19 

http://www.informatik.uni-trier.de/%7Eley/db/indices/a-tree/z/Zacharias:Greg_L=.html
http://www.informatik.uni-trier.de/~ley/db/conf/wsc/wsc2004.html#HudlickaZ04
http://www.eurocontrol.int/humanfactors/gallery/content/public/docs/DELIVERABLES/HF27%20(HRS-HSP-002-REP-02)%20Released.pdf
http://www.eurocontrol.int/humanfactors/gallery/content/public/docs/DELIVERABLES/HF27%20(HRS-HSP-002-REP-02)%20Released.pdf
http://cog.cs.drexel.edu/publications/CHI04-John.pdf
http://cog.cs.drexel.edu/publications/CHI04-John.pdf
http://www.informatik.uni-trier.de/~ley/db/conf/wsc/wsc2002.html#Keller02
http://human-factors.arc.nasa.gov/ihi/hcsl/HPM_pubs/HumanErrorModels.pdf
http://human-factors.arc.nasa.gov/ihi/hcsl/HPM_pubs/HumanErrorModels.pdf


McCloy, R. A., Campbell, J. P., & Cudeck, R. (1994). A confirmatory test of a model of 
performance determinants. Journal of Applied Psychology. 79(4), 493–505. 

McCormack, L. & Mellor, D. (2002). The Role of Personality in Leadership: An 
Application of the Five-Factor Model in the Australian Military. Military Psychology, 
14(3), 179–197. 

McCracken, J. H. & Aldrich, T. B. (1984). Analyses of Selected LHX Mission Functions: 
Implications for Operator Workload and System Automation Goals. (Technical Note 
ASI479-024-84). Fort Rucker, AL: Army Research Institute Aviation Research and 
Development Activity. 

McCrae, R. R. & Costa, P. T., Jr. (1999). A five-factor theory of personality. In L. A. 
Pervin & O. P. John (Eds.), Handbook of Personality (4th ed., pp. 139–153). New 
York: The Guilford Press 

McCrae, R. R. & Costa, P. T. Jr. (2000). Toward a new generation of personality theories: 
Theoretical contexts for the five-factor model. In J. S. Wiggins (Ed.), The Five-Factor 
Model of Personality (pp. 51–87). New York: The Guilford Press. 

Motowidlo, S. J. & Van Scotter, J. R. (1994). Evidence that task performance should be 
distinguished from contextual performance. Journal of Applied Psychology, 79, 475–
480.  

Norling, E., & Ritter, F. E. Towards supporting psychologically plausible variability in 
agent-based human modeling. Retrieved on 04/22/06, from 
http://cfpm.org/%7Eemma/pubs/NorlingRitter-AAMAS04.pdf. 

O'Brien, L.H., Simon, R., & Swaminathan, H (1992). Development of the Personnel-
Based System Evaluation Aid (PER-SEVAL) performance Shaping Functions. (ARI 
Research Note 92–50). United States Army Research Institute for the Behavioral and 
Social Sciences. Arlington, VA. 

Ones, D. S., & Viswesvaran, C. (2001). Personality at work: criterion-focused 
occupational personality scales (cops) used in personnel selection. In B. Roberts & R. 
T. Hogan (Eds.), Personality Psychology in the Workplace (pp.63–92). Washington 
DC: American Psychological Association. 

Podsakoff, P. M. & MacKenzie, S. B. (1997). Impact of organizational citizenship 
behavior on organizational performance: A review and suggestions for future research, 
Human Performance, 10(2): 133-151. 

Read, S. J., & Miller, L. C. (2002). virtual personalities: a neural network model of 
personality. Personality and Social Psychology Review, 6, 357–369. 

Rehling, J., Demiral, B., Lebiere, C., Lovett, M., & Reder, L. M. (2003). Modeling 
individual difference factors in a complex task environment. In F. Detje, D. Doerner, 
& H. Schaub (Eds.), Proceedings of the Fifth International Conference on Cognitive 
Modeling (pp. 287–288). Bamberg, Germany: Universitats-Verlag Bamberg. 

Rehling, J., Lovett, M., Lebiere, C., Reder, L. M., & Demiral, B. (2004) Modeling 
complex tasks: An individual difference approach. Proceedings of the 26th Annual 
Conference of the Cognitive Science Society (pp. 1137–1142) . August 4-7, Chicago, 
USA. 

20 

http://cfpm.org/%7Eemma/pubs/NorlingRitter-AAMAS04.pdf
javascript:popup('A1997WP67900006')
javascript:popup('A1997WP67900006')
javascript:popup('A1997WP67900006')
http://www-rcf.usc.edu/%7Eread/Published%20papers/R&M_VirtualPersonality.pdf
http://www-rcf.usc.edu/%7Eread/Published%20papers/R&M_VirtualPersonality.pdf


Ritter, F. E., & Norling, E. (2006). Including human variability in a cognitive 
architecture to improve team simulation. In R. Sun (Ed.), Cognition and multi-agent 
interaction: From cognitive modeling to social simulation (pp. 417–427). Cambridge, 
UK: Cambridge University Press. 

Ritter, F. E., Reifers, A. L., & Schoelles, M. J. (2005). Defining testable theories of pre-
task appraisal stress. (Tech. Report No. ACS 2005-2). Applied Cognitive Science Lab, 
School of Information Sciences and Technology, Penn State. 
acs.ist.psu.edu/reports/ritterCRK05.pdf. 

Ritter, F. E., Reifers, A., Klein, L. C., Quigley, K., & Schoelles, M. (2004). Using cognitive 
modeling to study behavior moderators: Pre-task appraisal and anxiety. Proceedings 
of the Human Factors and Ergonomics Society (pp. 2121–2125). Santa Monica, CA: 
Human Factors and Ergonomics Society. 

Ritter, F. E., Reifers, A. L., Klein, L. C., & Schoelles, M. (in press). Lessons from defining 
theories of stress. In W. Gray (Ed.), Integrated Models of Cognitive Systems (IMoCS). 
New York: Oxford University Press. 

Ritter, F. E., Avraamides, M. N, & Councill, I, G. (2002). Validating two changes to a 
cognitive architecture to more accurately model the effects of behavior moderators. 
Proceedings of the 11th Annual Computer-Generated Forces & Behavior 
Representation Conference, 29-40, Orlando, FL. 

Ritter, F. E., Shadbolt, N. R., Elliman, D., Young, R., Gobet, F., & Baxter, G. D. (1999). 
Techniques for Modelling Human Performance in Synthetic Environments: A 
Supplementary Review. (Technical Report 62). Nottingham, UK: ESRC Centre for 
Research in Development, Instruction and Training, Department of Psychology, 
University of Nottingham. 

Roberts, B. W., Chernyshenko, O., Stark, S. & Goldberg, L. (2005). The structure of 
conscientiousness: An empirical investigation based on seven major personality 
questionnaires. Personnel Psychology, 58, 103-109. 

Saucier, G. & Goldberg, L. R. (2000). The language of personality: Lexical perspectives 
on the five-factor model. In J. S. Wiggins (Ed.), The Five-Factor Model of Personality 
(pp. 21–50). New York: The Guilford Press. 

Staal, M. A. (2004). Stress, Cognition, and Human Performance: A Literature Review 
and Conceptual Framework. (NASA/TM—2004–212824). Moffett Field, CA: Ames 
Research Center. 

Stewart, G. L. (1999). Trait bandwidth and stages of job performance: Assessing 
differential effects for conscientiousness and its subtraits. Journal of Applied 
Psychology, 84, 959-968. 

Schvaneveldt, R. W., Reid, G. B., Gomez, R. L., & Rice, S. (1998). Modeling mental 
workload. Cognitive Technology, 3, 19-31. 

Silverman, B. G. (2001). Toward a Human Behavior Modeling Anthology for Developing 
Synthetic Agents. 10th Conference On Computer Generated Forces and Behavioral 
Representation, SISO. Norfolk, VA.  

21 



Silverman, B. G., Johns, M., Shin, H., & Weaver, R. Performance Moderator Functions 
for Human Behavior Modeling in Military Simulations. Retrieved on 08/07/06, 
from http://www.seas.upenn.edu:8080/%7Ebarryg/antholog.pdf. 

Szalma, J. L., Warm, J. S., Matthews, G., Dember, W. N., Weiler, E. M., Meier, A., & 
Eggemeier, F. T. (2004). Effects of sensory modality and task duration on 
performance, workload, and stress in sustained attention. Human Factors: The 
Journal of the Human Factors and Ergonomics Society, 46(2), 219–233. 

Tett, R. P., & Burnett, D. (2003). A personality trait-based interactionist model of job 
performance. Journal of Applied Psychology, 88, 500–517. 

Tett, R. P., & Jackson, D. N. (1991). Personality measures as predictors of job 
performance: A meta-analytic review. Personnel Psychology, 44, 703–742. 

Tett, R. P., Steele, J. R., & Beauregard, R. S. (2003). Broad and narrow measures on 
both sides of the personality-job performance relationship. Journal of 
Organizational Behavior, 24, 335–356. 

Tombu M., & Jolicoeur P. (2005). Testing the predictions of the central capacity sharing 
model. Journal of Experimental Psychology: Human Perception and Performance, 
31(4), 790-802. 

Ward, P., Szalma, J. L., & Hancock, P. A. (no date). Stress, Human Information 
Processing, and Performance Mediators: Application of a Descriptive Framework to 
Current Modeling Tools. Retrieved from 
http://www.mit.ucf.edu/WhitePapers/Matrix%20white%20paper.doc 

Wetteland, C. R., Miller, J. L., French, J., O'Brien, K., & Spooner, D. J. (2000). 
Simulation in shipbuilding: the human simulation: Resolving manning issues 
onboard DD21. In Proceedings of the Winter Simulation Conference 2000, (pp. 
1402–1406). 

Wickens, C. (2002). Multiple resources and performance prediction. Theoretical Issues 
in Ergonomics Science, 3(2): 150–177. 

Wickens, C. D., Sandry, D. D., & Vidulich, M. (1983). Compatibility and resource 
competition between modalities of input, central processing, and output. Human 
Factors, 25(2), 227–248. 

Wray, R. E., & Laird, J. E. (2003, May). Variability in Human Behavior Modeling for 
Military Simulations. Paper presented at the Behavior Representation in Modeling & 
Simulation Conference (BRIMS). Mesa, AZ 

Zimmerman, W., Butler, R., Gray, V., Rosenberg, L., & Risser, D. T. (1984). Evaluation 
of the HARDMAN Comparability Methodology for Manpower, Personnel and 
Training. (Report No: NAS 1.26:173733; JPL-PUBL-84). Pasadena, CA: Jet 
Propulsion Laboratory.

22 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Tombu+M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Jolicoeur+P%22%5BAuthor%5D
http://www.mit.ucf.edu/WhitePapers/Matrix%20white%20paper.doc
http://www.informatik.uni-trier.de/%7Eley/db/indices/a-tree/m/Miller:Jeff_L=.html
http://www.informatik.uni-trier.de/%7Eley/db/indices/a-tree/f/French:Jonathan.html
http://www.informatik.uni-trier.de/%7Eley/db/indices/a-tree/o/O=Brien:Kelly.html
http://www.informatik.uni-trier.de/%7Eley/db/indices/a-tree/s/Spooner:Daniel_J=.html
http://www.informatik.uni-trier.de/~ley/db/conf/wsc/wsc2000.html#WettelandMFOS00


Distribution 

AIR UNIVERSITY LIBRARY 
ARMY RESEARCH INSTITUTE LIBRARY 
ARMY WAR COLLEGE LIBRARY 
CENTER FOR NAVAL ANALYSES LIBRARY 
DEFENSE TECHNICAL INFORMATION CENTER 
HUMAN RESOURCES DIRECTORATE TECHNICAL LIBRARY 
JOINT FORCES STAFF COLLEGE LIBRARY 
MARINE CORPS UNIVERSITY LIBRARIES 
NATIONAL DEFENSE UNIVERSITY LIBRARY 
NAVAL HEALTH RESEARCH CENTER WILKINS BIOMEDICAL LIBRARY 
NAVAL POSTGRADUATE SCHOOL DUDLEY KNOX LIBRARY 
NAVAL RESEARCH LABORATORY RUTH HOOKER RESEARCH LIBRARY 
NAVAL WAR COLLEGE LIBRARY 
NAVY PERSONNEL RESEARCH, STUDIES, AND TECHNOLOGY SPISHOCK 

LIBRARY (3) 
PENTAGON LIBRARY  
USAF ACADEMY LIBRARY 
US COAST GUARD ACADEMY LIBRARY 
US MERCHANT MARINE ACADEMY BLAND LIBRARY 
US MILITARY ACADEMY AT WEST POINT LIBRARY 
US NAVAL ACADEMY NIMITZ LIBRARY 
 

 


	Foreword
	Contents
	Introduction
	Benefits of Adding a Personality Construct Performance Moderator

	Human Systems Integration
	Human Behavior Representation 
	Task Performance
	Performance Moderators
	External Moderators
	Internal Moderators

	Personality 
	Computer Simulations of Personality
	Improved Performance Research Integration Tool 
	Why IMPRINT? 

	History of IMPRINT
	IMPRINT
	IMPRINT Performance Moderators
	New Performance Moderator Implementation Methods in IMPRINT 
	Personality Construct Performance Moderator Design
	Future Personality Construct Performance Moderator Development
	Phase 1: Literature Review and Feasibility Study
	Phase 2: Proof-of-Concept Study
	Phase 3: Live Operations Study


	Other Future Directions
	Inventory Management Projections
	Cost Range of Different Configurations
	Research Platform
	HBR Tools Do Not Specifically Address Team Issues 

	References
	Bibliography
	Distribution

	1_REPORT_DATE_DDMMYYYY: 30-11-2008
	2_REPORT_TYPE: Technical Note
	3_DATES_COVERED_From__To: October 2005 - September 2007
	4_TITLE_AND_SUBTITLE:   Investigating the Incorporation of Personality Constructs into IMPRINT:  Summary Report
	5a_CONTRACT_NUMBER: 
	5b_GRANT_NUMBER: 
	5c_PROGRAM_ELEMENT_NUMBER: 
	5d_PROJECT_NUMBER: 
	5e_TASK_NUMBER: 
	5f_WORK_UNIT_NUMBER: 
	6_AUTHORS:   David Dickason
  Bob Sargent
  Tim Bagnall
	7_PERFORMING_ORGANIZATION:  Navy Personnel Research, Studies, and Technology (NPRST/BUPERS-1)
 Bureau of Naval Personnel
 5720 Integrity Dr.
 Millington, TN  38055-1000
	8_PERFORMING_ORGANIZATION: NPRST-TN-09-4
	9_SPONSORINGMONITORING_AG: Navy Personnel Research, Studies, and Technology (NPRST/BUPERS-1)
 Bureau of Naval Personnel
 5720 Integrity Dr.
 Millington, TN  38055-1000
	10_SPONSORMONITORS_ACRONY: NPRST
	1_1_SPONSORMONITORS_REPOR: NPRST-TN-09-4
	12_DISTRIBUTIONAVAILABILI:   
  A -- Approved for public release; distribution is unlimited.
	13_SUPPLEMENTARY_NOTES: 
	14ABSTRACT:   This effort was part of a Congressionally mandated program, funded through various Program Elements, whereby the Navy was directed to adapt a software application, IMPRINT, developed for use in the Army, for use in Navy ship acquisitions.  The objective of this study was to determine if it was feasible to incorporate non-cognitive attributes such as stress tolerance into IMPRINT for use as human performance moderators.  Necessary steps to incorporate this type of non-cognitive (personality) attribute into IMPRINT are described.  
	15_SUBJECT_TERMS:   human performance, IMPRINT, human-systems integration, personality
	a_REPORT: UNCLASS
	bABSTRACT: UNCLASS
	c_THIS_PAGE: UNCLASS
	17_limitation_of_abstract: UNCLASS
	number_of_pages: 33
	19a_NAME_OF_RESPONSIBLE_P:           Genni Arledge
	19b_TELEPHONE_NUMBER_Incl: 901-874-2115 (882)


